
7 AO—A066 97
lIVE INTENSITY OF

DNA— ~I666

6

I ______

%eeg?,

I I

I I
I DAlE
I END I6 7 9

b c

I

I I



o ~ 2~8 ~2.5

~~ ~~~~ 
~ 2.2

I ~
IIIII~8

((iii’ .25 llllli•~ iw~
MICROCOPY RES O LU I ION I 1ST CHART

N . I NA~ BtII~I AU U ST ANEISIS U T



- 

~~T~T~~11 ~~~~ziii-’ LT~~~~’~~~~
—

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~ 

‘~~~~~~~~°° y
~7

DNA 46661

~ RELATIVE INTENSITY OF INCOHERENT
AND SEMICOHERENT SCATTERING FROM

~ TURBULENT PARTICULAT E CLOUDS
Technica l Report 1

~~ Walter G. Chesnut
~~ SRI International

333 Ravenswood Avenue
Menlo Park , California 94025

2 31 July 1978

C-)
Topical Report for Period 21 November 1977—31 July 1978

I’  CONTRACT No. DNA 0O1-78-C-0075 (
C-,

APPROVED FOR PUBLIC RELEASE;

L DISTRIBUTION UNLIMITED.

THIS WORK SPONSORED BY THE DEFENSE NUCLEAR AGENCY
U(~!DER RDT&E RMSS CODE 8322078464 S990AXHB05414 H25900.

D D C

Prepared for

DEFENSE NUCLEAR AGENCY B
Washington , D. C. 20305

7 c~ n -



- --—-- - 
__________

_ _-_ _

I
Destroy this report when It Is no longer

4 needed . Do not return to sender.
PLEASE NOTIFY THE DEFENSE NUCLEAR AGENCY ,ATTN: TISI , WASHI NGTON, D.C. 20305, IFYOUR ADDRESS IS INCORRECT , IF YOU WISH TOBE DELETED FROM THE DISTRIBUTION LIST , ORIF THE ADDRESSE E IS NO LONGER EMPLOYED BY
YOUR ORGANIZATION .

O~~~ 4

~~~ ~~~~~~~~~~



~~~
.,- 

~~~~~~~~~~~ —
.

_ _ _ _ _ _ _ _  -

- — _J~ - — --

t’ -.

uN ( : l .AssI  111:1)
‘ 1 ’  URI  Y r  C L A S S I F I C A I I , I N  OF T H I S  PA G I  (ISles I).i. F n t e r r l i

REPORT DOCUMENTATION PAGE
I P5 P O R T  N)IMUI H 2 G O V T  6CC ESSION NO. 3 RE C I p IE N 1 5  C A T  A L O c .  N) IMBE R

DNA 4hhD’I’  
___________________________________________________

4 T I T L E  m.,I Sccb i i i l e )  5 T Y P E  OF R E PO R T  6 PE R I O D  C O V E R E D

REIAT I  vi: i NTENS L I V  UI’ I N C U I I E R E N I  ANI) i’op i t - a l  R ep o r t  I or  ‘o r j o d
SEMI CUIIERI - :N l ’  S C A L I E R  I N~ I’R OM ‘l I J R B I I I EN T 2 1 Nov 7 7 —  1 lu  I v 78
I’AR’I’ l(;ITLA’I’E C I t ) i ’ i ) S  6 PIR E O R M I N G o~ o REPO~~J NU M B E R

‘ic t - ins to a I Re p o r t  I SRI Pro i t  I 699( 1
8 C O N T R A C T  ‘ lB  G R A N T  N I J M B E R ) .s I

Wa l t s r  C . Cl i e s i r t i t  I)NA 00 i — / S — C — D O / S  
~~~ ~~

,-

9 P E R F O R M I N G’ ~~1~ ,A N I l A T I O N  N~~M 1  A N D  A D D R E S S  IS P RO G R A M  E L E M E N T  P R O J E C T  TASK
A R E A  A W O R K  U N I T  N U M B E R S

S R I  [ t i t e r ij a t i o n t i l  L-
33  Ravenswood Av enu e  Sub t a sk  S99QAXI I 1 1054 — 14
Mt i r h l l’ar k . C a l i h I r u i a  9402 5 

__________________________

I I  C O N T R C ’ L L I N G  O F F I C E N A M E  AND A D D R E S S  12 R E P O R T  D A T E  I -

I ) i r i ’c t o r 31 J u l y 1978
I)e I 11151’ Nut 1 ca r  A~;t ’ ire y I I NUM BER ( ( F  P A G E S

ash i i i g t o n  , I). C. 20 
________________ ________________________

I M O N I  l O P I N G  AG E N C Y  N A M F  A A I ) ~)HE S S ( I l  l0Ic r,’nr Iron , I ’,, lr”II.r,~ OIl . 1  15  S E C U R I T Y  C L A S S  ( I  ~ n.por r)

I IN CI ,A SS 1 F I E I )
IS.. D E C L A S S I F I C A T I O N  D O W N G R A D I N G

SCH E D U L E

lb DI S T R I B U T I O N  S T A T E M E N T  (‘I lid s Sep .11

App rovi d t o  r 13511) 1 Ic rot ease ; di  St r il)Li t ion Un I i m i  t ed

17 11151 R I  R U T  ION S T A T E M E N T ’ S  She ~hsI,ac - r ,nSer..,j ,n Block 20 . 0 , I i f I e ren?  f rom Repor l)

18 SU P P L EM E N T A PY N O T E S

i i i  is  ~ o rk spoisso red by t i r e  i)e fe isse  Nuc 1 e ar  Agency u ndo r RD I &E RM SS
Code II ~22 O] 8464 S9YQAXI I IIO’ s4 14 112 5900.

19 K EY W O R D S  (( ‘ 0, h our n r r , r r ’ . ’  s,de ( n e c e s s a r y  and lder,fl h- by b lock n u m b er)

Nm I o r  r Dust  Rada r  Scat  te r i n g
U igh Exp I t s s  tvt’ Dust Turbu  lerit e
I) r i st  Clouds  P a rt  ill o S ize 0 1st  r i b r i t  ion

211 A B S T R A C T  ( ( n o l I r I l  (.‘ nl rel ’erse side It t l e , e s s a r y  and ldrnh,fc by 6 5 , 1 - k  numb. ’,)

R ecen t  I y , I n te re s t  has r e v i v e d  in  the  n a t u t - e  0 t  r a d a r  b a c k s o l l  I t  or  I rom
dus t c i  owl s hi lied by sur  I a s t  nut ’ lea r do tonal  I urns .  As a resu I t • r a d a r  bat - k —

4 s t a t  te r ex p e r i men t s  a rI be tr i g  per  t o  rmed on h i  gh — c x p  los i~~e— p r o d ut e d  d u s t  c i  ouds
I’ rad i t  t o n a l l y ,  t I re  measu remen Is oh Ia m e d  are  in Ic rp ri ted as be I rig t i r e  r csul  I

c i t  I nco l ie  ren I add i l i on  of  s c a t ter i n g  f r o m  the  I n d i v i d u a l  dus t  p a r t  m c i  c ’s.
Iloweve r , du r  L u g  liii’ I r ea r l y s tages  of t ’vol u t  lo ts , such c l ou ds  demons Ir a  to
1nt~ nse t u r b u l e n c e  w i t h  ap p a r e n t  a b r u p t  t r a n s i t  ions  I root c l e a n  to d i  r is ’  S i r .  ~

f li t

DD FO (1IA 

~473 I DIl l ON OF I NOV Al  IS O B S O L E T E  
U N C I A S S 1 I ’ I  El)

S E C U R I T Y  C L A S S I F I C A T I O N  OF T H I S  P A G E  W), ..,, t I a ra  I

- - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~

. -• --- 



~ 

i~~~ :~
-
~ 

~~ , c W ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.
, 

-

I N C  LAS S I I  J E 0
SE C U R I T Y  C L A S S I F I C A T I O N  OF THIS PAGE(WP,.n 0.1. Enl.r.d)

~~~~_~~Il S ’I’RAC’I’ (Cont  inued)

an e n v i r o n men t  seems c o n d u c  I i  VI’ 0 ( ‘OIl t r i b u t  ions f r o m  semicohe  r e n t
s c I l t er  I n g .  I I  smr i Ii co h e ren t  ( ‘ c h i l l  r ib u  l i ons  a r e  impo r t a nt  , t h en  d a t a  in  te rp re—
tj i lo r s  m u s t  c o n s i der  t h i s  p rocs’ss.

Tir is  d o cu m e n t  ~ r e s e n t s  irna ly  t ica 1 sc a t  I t ’  r i n g  f o r m ula s  to be used to
compar e  Li i i  magli  i tu ~le 1) 1 t i n ’ two sc at  t e  r i r ig processes , inco l r e  ren t and semi—
(‘clu e r u n t  . A p1 aims 11) 11 ’ model  o I t h e  i n — s i t u , Iii r ee —d imens iona 1 spa t  j u l  - 

(

~~ 

I r eq u e nc v  powc r 51)00 t r u m  of  d i e  l t ~~ t r Ic  I i t i c t t i i r  t lo r i s  in t i r e  d ust /u i  r i n t e r —  
0

l ice is p r t ’s o n l t  t ’d , and an a n a l  y t  I ca l  model  o l  I . e  d u s t — p a r t  [ci e s i z e  d i s t r i —
b u t  ions is do r i v e d — — b a se d  1,111501 y on the  sk~~Lch~’ f i e l d  measu rement  da ta

1 5 , 1  1 1 , 1 1 ) 1 0  to I ts  . I m a  L i  y , a l l  (3 f the  ~ 
[t e e s  of  oii r ar i a  1 y I i  cal  f o r m a l i s m s  a re

a s somb l e d .  Till ’ r e s u l t s  show t l l a t  the  semicol ier er i t s c a t t e r i ng  c o n t r i b u t i o n
to r a d a r  backsca  It o  r i  r i g  f r o m  ii i gh — ex p  los [y e — p r o d u c e d  dus t  c louds  is ve ry
I ike l  v s i g n I f i c a n t  1 v weake r t h a n  cent  r ih u t  ions f r o m  i n c o h e r e n t  s c a t t e r i n g .  We
( l I t r e  I ude t h a t  i r i t e  r p re  t a t  ion of  rada r h a ck s c at t e r  d a t a — — f o r  examp le , t h a t  of
else M i s or ’ s R i u f  I r a d ar  ex p e r i m e n t s — — n e e d  n o t  c o n s i d e r  cohe ren t  s c a t t e r i n g
p r l l - t ’ ss t ’ s

uN c LAss l l ’ I i : t ~
S E C U R IT Y  CL A S S I I  II A~~ION OF 5 N I O P A G E ! I 4 ’ I  CII P1,1,, 111h, ’hC l

I

- -—~~~~~~ — - ~~—-________________ - ~0~~~ 
- 

— 
~~~~

‘

~~~~~~~~~~~~~~~~~~~~ -- ~~~~~~~~~~~~~~ 
-
~~~~ 

-- -
~~~~~ 

- ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



______________ - 
_________

‘ I

I ru ’ l I n t  I t o  u t I r , r i i k  ~ ( 1 1 ,1 u % t  i i i 5 .1 5 , ~~I~~’ n i t  s’s • I~ n l ( I ’ ) ( . l SI r  ISo i i i s  . I I I u I

1S t • , \ 1 , i r r  R r i t n r s  , I o i  i i I U i i e I u i I n S  st  i r r n n r l r t  t r ig c I t  S c ’ 1 i 5 5  j , If l 5~~ 1St . I i u n t l r s  , i n s ~t

l i t . S j ’p I n c  c i i i  i t l i t  Iv p e n  l o n ir i n ig  i , i d a r  m i d  I h i l t  I, I . i s o r l I u l I n  ‘I l t l O , I o t n n  c

1110111 5 01  I, I s ’ j s Si’ .I t I I’ I u r is ’ I g\ I t oio ( l i e ’ ~‘ I I Se ’I ‘ Dl I I I  I cli i o n r i t  t , ’ i r s  l~~’ t ~~~ i f l IOu l

- liv Il N.\ c i t i t i lU, ,I t i I re  h i d  .-\ ( I c I i O t  01 1’) -‘S •

I

I
U

‘I-

ACCF~.StO N Imi r

N1IS Wo ,‘ ~‘cti ~ t ~~I pIle II ~~‘~ t ) 2 ) i

‘U,I ‘U,’~ j) [‘1
I ,  

~ ‘l  1’ T ,~ ,~~4 -

i~~.

L~L
- - -—~~~~~~ 

- - 

‘ -
~ 

- 
I

- —  ——— ~~ - - -  ~~~~~~~~ ‘ 0 _~~~~ - -  - ~~~~~~~~~~~~~ _,~~
_
~~~s, ’_ 

~~~~~~~~ -~~~~~~



_ _  
__

u I 1 N  t I N  1~~ 

1

h 1.[S [’  1, 11” I i , 1 1 S I R : \ t I s ) N S  
• _l 

Il I S I ’  DI” [‘ARI ES

I .  I N [ R D I ) l ’ C L’I I S N S

2 .  SC:~ t ’ t ’ERj N( l’ORNLIIAS 7
- 

I i • ciioici-: i i i -  A DI’S 1’ N I S D I : I ,  i~ 
- -

Q L ’ .- \N l ’ I I’ ,\ i’ i \’ l-: s~’~’ jiy ~il ’ c( st j l - :Rl - :Nl ’  V S i N c D l u I - : R i - : N 1 ’  
1~

17

i . c m i ~ i :i i’s i 25

1

U
I

.

.
, 

0

I -
-
-

2 
)i

_______________ 1” ~~‘ 
- ‘ - — - —~~~~-~~~e— ——-  --.~~~~~~~ - ,.. ,, -— 

- 

-

IIlL

,l .  

- 
~~~~~~~~~ ‘— -- — — — -- - - - ~~~~~~~~~~~~~~ ~~~~~ - - - ‘



-~ - -~ ‘~
-
~~~

-‘—----- --‘-.- -~~~~~~~~ - . - .  -

-- - — — --- - ~~~~~~~~ —- -‘--- -— - --- ~ii~ • - ~~~i~~~~~~~~
- 

•~~~~~~~~~
- ---

~~~~~~
- --- —

~~~~~~~~~~

‘

Ii S I’ DI” 1 1 - t i S I’RA [’ IONS

I I ’h i n s t  i’ a i t  I c  i s ’ Si  .~e 1) 1st t i b m i t  iou  R ,u s e d  sipori  N i d d  o
t ; i st  —~I i  ~ e’d Corup u n is ’  ~‘ I o a s n n t e r s i c n r t  5 • 1’ )

~ Pa n t  I t ’ l e  R. ud i s i s  I o r  I ’ F l  u s I t  t o r i  I t our R i  5’ l e l  gli i O
Ci’oii~e t i i c s r  os s Sec t  t o r i  I ~

1 V o l  IIiIre ~ S~~.i ( 10 r i n g  Cot ’ I l i t ’ I o u t  s’s R , u d .u  r ’ i” r’ e’qu i e n c v  l t d i

V a r i o u s  i ) m n s t  P a r t  i~~1e S I . ~u ’ 1) 1 st  t i b m u t  l o r i s ;  I r i c o l s e i ’e n i t

~h r i i l  Scm I c  ol~~ I’ e’u i I Sc ,h ( ( ‘ri ii , • ‘

R u t  to  of  t ’oiie t e l l  t t o  I tie oh e r e  n t  Sc I t  t o i l  r i g  v s  Ra u t u  r
I- ’ t e ’q r reu icv  l o t  ~‘a r ’ i o m u s  ~l ’’tl ~~I s  01 D u st  11 , 1 1 1  i d e  SI~~t ’
l i j s t t t l r l i t i o l i  2 1

1 151’ Di- ’ I ’AR i -:s

k I D i  I e ’ t  Srn rn r i r i t V  o l  Dm n s  t P , i i t  i t ’ i t ’ S r  :c l) , u t a I I

2 \ ‘ . I i i  , i I i S  ~‘Ionlue ’ri t 5 o l  I’ s r I I U i s  S n  .~ s ’ 1) 1st  i t  l i n t  i o n
& ; i 5 i ’ I  liv I’ q n n . u t  b i t  ( 1  I I  an t1 l i i  s 1 i l . u v ~’~I liv I ” i g r r r e  I I t ’

I Sc ,l  I t e l i  sic, ~‘l~ir sr e ’O 1 I” .i c ( c i t s  I u~~t l ISt ’  i l l  1 t
~ 

51 . 1 1 t o n r  I 1 I S

*1

~~ l*.
~~~~~~~~ — - -a . ,- -,~ 

5+ 0 -- - -- -—--~~ —‘ — — ~ -



0~~~~ - ~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~ ———‘ - - — . ,,— ,- — --—-~~1—,-—’, -~

— - - ——  - — - _ _ _ _ _ _ _

1 . INT ROI )U CT ION

R a d a r  s i g n a l s  may be sca t te red  from p a r t i c u l a t e  c louds  (e .g . d u s t ,

w a t e r  d rople ts , ae ro sols , f ree e l ec t roms)  th rough  two processes. The

first process is the incoherent addition of power from each individua l

particle . We call this incoherent scattering . If the particulate cloud

is nonuniform in density , then sennicoherent scattering may r e s u l t  from

the irregularities . In some environments , specifically irs  free electron

plasma s , semicoherern t scattering from irregularities in the electron

plasma may he io
6 

to 10
10 

times more intense than the incohe rent

scat te ring .

Scattering measurements in high-explosive-produced dust clouds , the

sub ject of principa l concern here , have always beers interpreted as though 0 -

the scattering were due only to the incoherent process . The question of

whethe r coherent scattering effects can contribute to the measured radar

O returns has been ra i sed . To shed some l i gh t  on t h i s  p o s s i b i l i t y , we

present in this document ana lytical formalisms that allow us to relate the

c o m p a r a t i v e  i n t e n s i t y  of the two s c a t t e r i n g  phe nomenon to the  p a r t i c u l a t e

environmental properties of explosive—produced d u s t  c l o u d s .  l i n a l ly , we

ma ke quantitative estimates of the contributions of t he two  p rocesses to

- 
- determine whether radar backsca tter data interpretation should consider

the coherent scattering process. Since the  two scattering processes have

v e ry  di ffer’ent f reqiuenc~ dependenc ies , it was  a iso I Isoug ht tha t the analysis

m i g h t  prr i v ide i n s i g ht . -into a n o t h e r  technique that could be use [Ui iii

d i a g n o s i n g  d u st c lou d p rope r t ies . A s we shall show , f o r  likely models of

d u s t  C lonids , coherent bnckscattering ( r a d a r  merle ) is probab ly not s i g n  i Ii —

c a l l  t . I i i  iS I lie ii 111(1 c at  (‘S t ha u t hr’ fm’eq mrenc ~ dependence ol m m it I freq mncni cv

rada r’ t ) n c k s C a u t . . ’ I ’  u s i a  i s  d ji’ rcl Is- re’~ aIahl (’ so p~~’1 i d e  &~~~ / I ’  ( i i ’ ~ t t ’ i 1 ) m n t i u I ,

• I n  S e t  ion 2 1)1 si n is r”’ , u~ i j ’ I  , \S~~ I)i’C - eii t , h u t  dl)  not  ~ huv , l ilt ’

d’•i’ j r ,  i j - ,;~ ol  , t hi ’ ‘Ii a , 0,1 , I h:u m cI~ ~ u i i  be I hi’ 1 i 11(1 S of ~— C~ i l i i i ’  I Ig

pros ‘ ‘ ‘ . -~~~ ‘ , i’~’i !i! ’( ~~, ,Il  ) IT i)d ~~ I u! the “ t r i r b m u ~~i ’r i t. ’ 1 c l . ’c t r l ( ’  I i t.c u W I  1 . 1 0 5

I 1 I I I I I I I I  ii I i, I SIS I u  I. I I )  i~~ I i  I S \ I ,,, j I I  I I I  1 ( 111 ( .55 I 1

‘ I~RC*I~Ii~G Pi~I kLAI~~

~ 0
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dust—lade n and clean air . Section 3 presents dust particle size density

distribution data obtained from aircraft flights through the “Middle Gust—

Mixed Company ” test (lust cloud . From this data , we developed a size

distribut ion mode l for tnse in our comparisons.

In Section 1 , we use the it’forma t ion in Sections 2 and 3 for

quantitative comparisons . We consider both our “Middle Gust—Mixed Company ”

dust mode l and unlikely pa rticle size distributions that favor coherent

scattering . Section 4 also summarizes our scattering equations . Section —

5 presents our conclusions.
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I n  t h i s  e q m r a t i o n , ,, rs i s  the  v a r i a n c e  in f l u c t u a t i o n s  in  p a r t i c l e  n u m b e r

de n s i t y .  The i n t e g ra l , i n  essence , sums the s c a t t e r i n g  a m p l i t u d e s  of t u e

i n d i v i d ua l  p a r t i c l e s . The scattering amplitude is taken as the square

roo t o f t h e  pa r t i c l e  c ross s e c t i o n . The q u a n t i ty  is the  i n — s i t u  t h r e e —

d i m e n s i o n a l  s p a t i a l  f i’eqmr ency power s p e c t r u m  of d m n s t  d e n s i ty  f l u c t u . ,t i on s .

I n  Eq .  (7)  , we ass nin e t ha t t lie ra cia r beam t r a v e l s  a lonU ,  t lie x ax i s . ‘I’he

powe r s p e c t r u m  is e v a l u a t e d  a t  k = k 0. The x v a l u e  is shown as

2 k ‘ce’here k = ~~
— . This  post-er spec t rum is d e f i n e d  as the  F ou r i ~~ r t r a n s —

form of the  three — d i m e n s i o n a l s p a t i a l  c o r r e l a t i o n  f un c t  ion fo r  d e n s i t y

f l u c t u a t i o n s , ‘t h i s  c o r r e l a t i o n  f u n c t i o n  is n o r m a l i z e d  to have  a v a l u e  of

1.0 a t  0 spa c i n g  and a value  m l  0 at very l a r g e  spacing. We note t h a t  in

the  l1a vl e ig h  region t h e  q m r a n t i t y  ~~ (a  ,~~ ) is proportional to a’1 , so the

i n t e g r a l in Eq. ( 7 )  is p r o p o r t i o n a l  to mass  d en i s i t v  as  g i v e n  by Eq .  ( 2 ) .

Our d i scuss ion  is r e a l ly  concerned w i t h  t he  r a t i o  of coheren t  sca t t  s’

to incoheren t  s c a t t e r . ‘L’h i s  m’ a t io  is g iven  by :

— 
I n  ; L~L \ _~~__ ( 5 _ )  ~ ( 2 k  ,O 0). (~~)— “

~~~~~~~ 
t -

~ ’-o I —:‘ 
— - 

~~ N ‘

- 1  — ‘5 d ’  6
n a

We have w r i t te n  th e  r a t i o  in s t h is  m a n n e r to e m p h a s i z e  q u a n t i t i e s  i - j t h c i’

- - t h a t  our i n t ui t i o n  can r e l a t e  to or t h a t  a re  measured  in  f i e l d

2 / — ”ex p e r i m e n t s . ‘l’he f i r st q u a n t i t y , t n s  / ni is the  squa re of the  F r a c t i o n a l

d e n s i ty  f l u c t u a t i o n s. T h i s  q u a n t i ty  is somet imes  re f e r r e d  to as  t h e

squa re of t h e  c on ( le nsa t i o n  r a t i o , or s imp ly  as  t h e  c on sd e n s a t  ion  r a t  io.

The q u a n t i t y nn is the  ex p e c t a t i o n  m a s s  d e n s i ty  in s ~~ cm ’1. ‘l he q u a n ti t i e s

3 a n d 6 a re  t he  a p p r o p r i a t e  momen t s  of t h e  p a r t i c l e  s i ze  d i s t r i b u t i o n .

* The r a t i o  a ’1 / h t i ~ t ’d hero ignores  the t r a n si t i o n  f r o m  the  R a y l e i g h

s c a t t e r i n g  c’ moss i - c O t  Ion t o  g e o m e t r ic . In s our  num e r i c  r e s u l t s

presented in ~~t ’c’ t I on  1, we t i s  t he  two—region description.

9



To evaluate the importance of coherent scattering phenonnena relative

to that of incoherent backscattering , we will have to estimate the various

quantities in Eq. (8). To the best of our knowledge , there have beem no

measurements of the condensation ratio . I)uring the early stages of high—

explosive—produced dust clouds , dust—laden air probably encircles clears air ,

in which case the condensation ratio will have a large value , perhaps

approaching 1.0. AS time progresses , the dust diffuses and turbulent mixing

enhance s this diffusion , so we assume that the condensation ratio decreases

to significantly smaller values . This ratio ought to be largest near the

edges of dust clouds , where dust—laden vortex rings mix with cleans air. 
S

The quantity ins , the average dust density in the dust cloud , was

measured in field experiments and found to have values as high as severa l
—3 3 —8 3

times 10 ‘1cm’ to values below 10 g/cm’ . We shall investiga te this

below .
I

For our work here , we shall assume tha t = 2 g/cm
3 

(125 lbs/ft
3
).

The ratio of the third moment to the sixth moment of the dust—particle
- 

- 
size distribution is discussed in Section 3. Data that permit us to

accurately estimate this ratio are extremely sketchy .

Our concerns is with dus t  mixing in an isotropic , turbulent medium .

U n u . e r  these circumstances , it is traditiona l to assume that the power

spectrum , 
~~~ 

is given by the Kolmogorov spectrum . It is also traditiona l

to assume tha t the relevant part of that spectrum is the inertial subrange

in which the spectrum varies as givers in Eq. (9).

~ (k)
Uf’3 (9)

The form we will actually use is givers in Eq. (10):

—. — 
(2p — 3) r’ (p) 1

L3
(k) - 

/~ r ( p  - ~~~ ) (1 + b~~~ )~ (10)

10
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3 . C l R l i t ’l-  (S I- ’ -I I ) I ~~ ’t MesI ) l -1 ,

.1 n in i s i l t ’  I ts t ’ I lie’ t h i s  I —~sat u’t  i i ’ I t ’  s i  s’ t’ i t  1 st  r I ha I hin t , P t  , c ) , ru t ’t’i ls n Itt’

c l i ’ ‘ c i  I t spt ’t i I t s  en I t ’i i  in  It’ t hi’ ‘c - s i r  I t i l l s  n ni o n nr t ’n t  I s tlst ’tI i i i  (lit’ scsi (Ii ’ t ’ t  ri g I ltt ’ui i ’ s

l i i , ’ unios t e t inn ip  I t ’)  t ’ thi t a t I i t r u  I itt’ m us i C b a n ‘c c ’  a vu ((tiLt Ic c i t  siie ’n sti nt’rn t t’Is 1 s-c of

p:t n i i t ’ It ’ sI.’,’ t1l ~ I n I  b in I lu sts si ne’ i n s Iii’ It ’ no lIeu’ 1 , t h u - c  I t l i ’nss i t ’ s ’  it it ul psi r I  i t I e

s ‘ i ’ t I  1 t i’ ( t i t i t  lo in s  w t ’  no isrt ’ i i  st i i ’ t ’d liv I i ’s’ 1 r i g  al i t  a I r ’p In  i s , - lit n’oimglr ‘c’au r Ions

~i si r I  s ot  ( lie’ c b u t t  i-Se’c ’t ’ r ’ ss 1 1 h ir es i i i  I low I nt g s i a n  t a u t ’ , ’ ii i g i r  c ’  xp ltss ( ‘ c t ’  cli ’ I ( i i i 5 i  —

t on s , b- I t t t ’ s ’ s  w o n ’  it t- i t ’d In ct t b ( cc l p a r t  i t ’ h i ’ , - , ant e !  s t i i c r ’ csi- ’c ’ c s l i i t ’ o x u t u i i l n i a t  t u t u

a ni t !  psi i ’t  Ic i t ’  c o i n r u  t i i i ; :  i l l ’  I t ’  i i s i ’t I  I t s  tI c I t ’ i’m I no s i ~‘ t ’  c l i i ’ ) m l  I ’ m ) ( t i n s , l i re ’

i ’\ pt ’ u’ j i i c i ’t u (  t i t  Ii , ’)  , I ‘cmii ’ ‘ c i ’ n ’ ’, i l i t ’ t F  I t ,’ b t ’ u i t  a n t  Oti l h i t  I n s; : ps i r t  i t ’I i ’ s - c  ‘ c i i  t l r

r s n d  I I Li t ’  lcs i i  10 in t o  i o n . ‘[Itt ’ siss u It’ u pal n’ I be Ii’s a m~t~ n i l t i r ’ i ’ , ‘ I f  I c’ i , ’ t r  I , s t

p u ’ o t l t n t ’ l u n g  colt e ’  n ’ t ’ u r  I ‘-ci i I I t i ’  i i i ; :  t h u n t  su re I It t ’  I a  n ’gt ’ r pai r’ )  i t ’ h’s . \o o m i t ’  kmr t s ’ c ’ c  s

‘ci lmu t t In t ’  p s u r t  ic  It .’ n i i i i i i h t ’ i ’  c i i ’ i s s t  I v  i s  s i t  t l n c s s , ’ S i l i d i  t I e r’ i - I ,’ t’i- ’ , h i ’  I In i ’ m ’ e ’ F ort’

a s si a n i s ’  I In su  I lu a u ’  n ; m t s c l t ’  I ‘cv i  1 1 m n n t d n ’ i ’ t ’ s I in c a  It ’ S e t n i i i ’ ’ cv ln i i  t I ii, ’ t ’ c s r t t  r’I h i n t  i c ’ i s  , s l  I lii ’

colic ’ nc ’i t  I t eds t t ,‘ n ’ i  n ig  pn’tR’t ’ssi’s .

Fit, ’ lS i’f • 1 ps’oseusls pst l’ l It ’1, ’ s I , ’ i ’ c i a u t a  Ins t w o  F t ; ’, i i n ’ , ’i - .- u i i i i  a n t  t t i t ’ t u’

I t ’x I , ( t i r t ’  [ c l i  le  1 s i t  I c i t i p t  ii I n  sin n i nn i r s t  r ’I  ,‘ t ’  t illu ’ I ntl t ’  u ’ p r ’ o 1.u t t o n i  O f  ( l ie ’  i i ’

rt ’ s t i l  i s , l i s t ’  sr r t  h i t ’  is nr t s t as c It ’si r c i t i  Si’i’ t ’ u ’s t I pti m u )  s c i -  ‘cci’ n c , ’ , ’ cI  , l i r e

,‘~~pt ’u ’ 1n i ut ’ ns t  t h u  m t -c t  s s i s i r p l t ’  m a i n l y  s s i  t ’ i m o n ’ n i , ’  ~sa n ’I I c ’  I t ’s  iv i t  I n (I i a n i s t ’ t t ’ r s  i- i g n i  i f  i —

c ’sr m l  I v  u ’ t ’a t en’ I h u n t  I ~‘1h) ni l to m ’onts . l i i i ’ ri ’ t o r t ’  , t i t a n ’  m u s c i i ’  I i i i ; :  a l t  1 s t  u ’ge ’ I’

s i t’S I Insui t t )r is Is sirs t ’\ pt ’ c l li ’ nt t I liii t ‘cs-c’ nust ’ I t s  t t s n c ’, ’ n t n t s m u ’ n t t  I t n t  t ’ ; :  m s i  I s

is t ’o i lV i ’t ’ gi ’ - I ur fauc I • I i t t ’  I s u  t ’ s5 t ’s I p a r t  i t ’ Ii’ c i li l ii I t ied  s i s i s  f o u n d  t n t  a

t ’ si I I c i i i )  O t t  I I i ’t ’ I i cs rr l i l a )  t ’  s tun t ’  :s00()  f t  F n’ t s n i m  g i’o i i n t t i  ~‘ t ’  no . lii is isa r’I It ’ It’

m u d  .1 c i i  sun t i i ’ I i ’u’ c c i  70~~() li i  I t ’ n’ c s n i S  ( 7  inn ) .

• t he c i a  ( S t  I t S  Fs t h  i i ’ I a ’, I ‘c- i~ powi’s’ l aw  cot ’ f l i t ’ I t ’ u t  1 5 I c i i ’  I W O  liii I ’) I t ’ i t ’

u ’ , i’e; ’, l o u t s  i I i ’s  i ; ’ , u s s t  I i ’t I  “ snin a l I s i . ”’ ’ si i i i  “ I t  n ’ g , ’ s i , ’ ,’ , “ l i i i ’  snnna s 1 I i - s i  .‘i’s

.~, s ; - m p l t ’ci iet ’n .t’ I s  rgi u’ t i t u u n t I t )  i t n t e r ’ o n r s  
• I I t t uu ig tt I i i , ’ t i a t  t a c c l  i i s s l l v  pi ’i ’si ’ m r :  t ’ c i

I , II , I t . (. i ’ t ’ i ’ i t a u t t i  I’ . Mt’Mi u n’ n ’ ’ c • 
‘‘\l Ichil Ii ’ (;ursl —~cl x , c i  (‘csnn i ;tal ni ’s- OLtS 1

‘l i . i  i’sic ’ I ,~ m l  , s r  I I & s n t  , ‘‘ ~i l i ’ t i ’ t i n ’ t s  l t s g v  l~esi ’n i’ c ’ it I n t t ’ . I ’iup t ’ i ’  t ’c s u i t  s u l  nei l  I i i
\I 5 ‘~t ’ t t  ( ‘ c t n l i p 5 l i r \ ‘Mi tlilI ,’ ( l i s t  ) i t ’ s t i l  I s  umu t ’i’ t I rtg , 1 3 — I s ’  i ls s  m ’ t ’ l s  I iU’3
V ’ ’ I . 1 • h I N ~~— , ; l , ~ l I’! , PP .  l , ’ l — - I s U , ’  ( I ’ N ( ’IA~~~l t- ’IEl t ) .
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Eqenatj0~ 16 presents the incoherent volume_specific scattering crosssect iouT for our two-region particle scattering model , The expression ais the t rans it ion radius between Rayle igh and geometr ic sca t te ring

a 
4r p(a)a

6
da + ~—2u__~_ J ’  2- 

6’2 ‘c~~ 0 4(2~ )~ a
t

P )a da
= ‘ —~~~ (16)‘ ii~ ~,

4 

J’ P ( a ) a 3
da

If all particles were of the same size (unlike ly) and in the Rayleighregion then the incoherent cross_SectIon could be found by:

~ 6(2,~)~ 3= — —~~‘— ~~ a . (17)

Equa t ion 18 presents the volume_specific rada r cross section forcoherent scatter ing from a turbulent dust clou d using our model of theturbulent spectrum and the two—region scattering model,

- 

- 

2

,r p ( a ) a 3da + .1 p(a)a da2 - o a
• . 2 

— _,_ t 
-‘— — (18)c 2 2 b 8

S p (a)a3da

4 Equation 19 represents coherent scattering when all particles areIn the Rayleigh region. Note that under this condition the coherent crosssection depends only on the density of dust in the air . Particle sizedoes not matter . Our model for 
~3
(k) leads to a result that Is freqUency_independent

- 1 ~

~~~~ ,,, ? 
1 9

(19)
• n
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